Abstract. R-band surface photometry is presented for 171 late-type dwarf and irregular galaxies. For a subsample of 46 galaxies B-band photometry is presented as well. We present surface brightness profiles as well as isophotal and photometric parameters including magnitudes, diameters and central surface brightnesses. Absolute photometry is accurate to 0.1 mag or better for 77% of the sample. For over 85% of the galaxies the radial surface brightness profiles are consistent with published data within the measured photometric uncertainty. For most of the galaxies in the sample H I data have been obtained with the Westerbork Synthesis Radio Telescope. The galaxies in our sample are part of the WHISP project (Westerbork H I Survey of Spiral and Irregular Galaxies), which aims at mapping about 500 nearby spiral and irregular galaxies in H I. The availability of H I data makes this data set useful for a wide range of studies of the structure, dark matter content and kinematics of late-type dwarf galaxies.
Introduction
Over the years, a growing body of CCD-based data on the surface brightness distributions of spiral and dwarf galaxies has become available (e.g., de Jong & van der Kruit 1994; Courteau 1996; Frei et al 1996; Heraudeau & Simien 1996; Patterson & Thuan 1996; Tully et al 1996; Matthews & Gallagher 1997; Peletier & Balcells 1997; Jansen et al 2000) . CCD imaging has been the impetus for many new studies of a range of aspects of disk galaxies, such as general scaling laws (de Jong 1996a; Courteau et al 1996; Graham & Prieto 1999; Jansen et al 2000) , the vertical light distribution (de Grijs & van der Kruit 1996; de Grijs 1998) , the presence of thick disks (Sackett et al 1994; van Dokkum et al 1994; de Grijs & Peletier 1996) , the radial truncation of the light distribution (Pohlen et al 2000; de Grijs et al 2000) , asymmetries and lopsidedness (Rix & Zaritsky & Rix 1997; Kornreich et al 1998; Conselice et al 2000) , and the stellar populations of disk galaxies (de Jong 1996b; Bell & de Jong 2000) .
A combination of optical imaging data with HI observations, which provide information both on the distribution of HI and on the kinematics of these galaxies, is a powerful tool to further our understanding of the properties of disk galaxies, as has been demonstrated by numerous papers in the literature in which one or a few galaxies are discussed. To date, however, there does not exist in the literature a large sample of galaxies for which both photometry and HI imaging exists. The ongoing Westerbork HI survey of spiral and irregular galaxies (WHISP), which aims at mapping about 500 spiral and irregular galaxies in HI, is well suited for a more statistical study of the link between optical and kinematical properties of disk galaxies (for more details on the WHISP project and its goals, see Swaters et al 2000, hereafter Paper I) .
The two main aspects of the WHISP survey are a study of the HI component of galaxies in itself, and a study of the kinematic properties, focussing on rotation curves and dark matter properties. As part of the WHISP survey, optical R-band images have been obtained for the galaxies in the WHISP sample. These optical data provide the deep optical images and accurate optical global properties, such as disk surface brightnesses, disk scale lengths, integrated magnitudes and optical diameters that are needed for a detailed comparison of the optical, HI and dark matter properties. In addition to the two main aspects of WHISP, the combination of the HI distribution, the kinematics and the light distribution will allow detailed studies of the nature of for example scaling laws between HI and optical properties, warps, truncated disks, and lopsidedness.
In this paper, we present optical surface photometry data for the 171 late-type dwarf galaxies in the WHISP sample. The outline of the paper is as follows. Sect. 2 describes the selection of the sample. In Sect. 3 the distance uncertainties for the dwarf galaxies in our sample are discussed. Sect. 4 describes the observations and the data reduction steps. In Sect. 5 the ellipse fitting used to derive the surface brightness, ellipticity and position angle profiles is described. Sect. 6 presents the global photometric parameters obtained from the data, and Sect. 7 describes the internal checks on our surface photometry, the comparison of our profiles to those of other authors and the comparison of global parameters to catalog values. Sect. 8 gives a brief description of the optical properties of the galaxies in this sample. Finally, Sect. 9 gives a summary of the main results.
To facilitate the reading of text and tables, all long tables have been placed at the end of the paper. Appendix A presents the tables with the selected sample, the assumed distances for all galaxies, the list of observations and the derived optical properties. Grayscale representations of each galaxy, together with surface brightness profiles, are given in Appendix B.
Sample
The late-type dwarf galaxies presented here are part of the much larger WHISP sample. This sample has been selected from the Uppsala General Catalogue of Galaxies (UGC, Nilson 1973) , and it consists of all UGC galaxies with a blue major-axis diameter larger than 1.5 ′ , δ(2000) > 20
• , and an HI line flux density larger than 100 mJy (as calculated from the ratio of total HI fluxes and profile widths as listed in the Third Reference Catalogue of Bright Galaxies (hereafter RC3, de Vaucouleurs et al 1991) ). These criteria ensure sufficient resolution and a high enough signal-to-noise ratio for observation with the Westerbork Synthesis Radio Telescope.
From the WHISP sample all late-type dwarf galaxies were selected for the present study. The sample consists of two subsamples. The first consists of galaxies with HI flux densities above 200 mJy, that either have morphological types later than Sd, or that have earlier morphological types and are fainter than M B = −17. This subsample contains 113 late-type dwarfs and forms the basis of a study of HI and dark matter in late-type dwarf galaxies (see Swaters 1999) . The second subsample comprises 80 galaxies with flux densities between 100 and 200 mJy that were classified as dwarf galaxies by Nilson (1973) . The total sample constructed in this way contains 193 galaxies. No upper limit was set for the diameter of the selected galaxies. For the 200 mJy sample, no lower limit to the diameter was applied either, which resulted in the inclusion of four dwarf galaxies with blue major-axis diameters smaller than 1.5 ′ . Furthermore, there was no selection criterion based on the environments of these dwarfs. Isolated dwarfs as well as dwarf companions to larger galaxies have been included in the sample.
Besides the selection effects of the UGC, which are well studied (Thuan & Seitzer 1979; Paturel et al 1991; de Jong & van der Kruit 1994 ), the present sample has an additional selection effect as a result of the requirement that the galaxies have HI measurements listed in the RC3. Not all galaxies have been observed in HI (57% of the galaxies that meet all our criteria except the flux density criterion have a measured HI flux listed in the RC3), and those that have been observed come from studies with different scientific goals, different telescopes and different sensitivities. In addition, the selection based on the flux density may introduce a dependency on the inclination and the kinematic properties of the galaxies. Therefore the true selection function is difficult to quantify. With these caveats in mind, the sample is representative of this galaxy population as it spans the entire range of properties of late-type dwarfs.
Because morphological type was one of the main selection criteria for the sample selection, a few galaxies were included in the sample that were assigned late morphological types, but that proved not to be dwarf galaxies but large irregular galaxies, such as interacting systems and peculiar galaxies. Though these will be excluded in later studies of the properties of late-type dwarfs, their optical properties are presented here.
The sample of observed galaxies is listed in Table A .1. Out of the total of 193 galaxies, 171 have been observed. The remaining 22 have been missed due to bad weather. The galaxies in the 200 mJy sample were given priority, as a result only 2 out of the 113 galaxies in that sample have not been observed.
Galaxy distances
An important source of uncertainty for mass models of our dwarf sample are the galaxy distances. Care has been given to using the best distance estimator available for each galaxy. Here we discuss the choice of distance estimators and the magnitude of the distance uncertainty associated to each.
The distances for the late-type dwarf galaxies in our sample have been obtained from a search of the literature up to and including 1998. Most of the literature distances have been derived from four distance indicators. In order of decreasing priority these are based on Cepheids, brightest stars, group membership and systemic velocity. A full list of the adopted distances for all of the galaxies in our sample, including the method used to determine the distance, is given in Table A .2. Unfortunately, Cepheid distances are available for only three of the galaxies in our sample. Below the uncertainties for the three other methods are discussed.
Brightest stars
The accuracy of the brightest star method to determine the distance has been subject of many discussions. There are a number of possible problems, in particular if the brightest blue stars are used (e.g., Humphreys & Aaronson 1987) . The brightest stars in a galaxy may not be individual stars, but star clusters or compact HII regions, or these stars may be variable. In addition, it is found that the luminosity of the brightest stars is dependent on the luminosity of their parent galaxy, thus introducing a degeneracy in the distance determination (e.g., Humphreys 1983). The brightest red stars suffer much less from these problems.
The reported accuracy of the brightest stars as distance indicators differs substantially between different studies. Rozanski & Rowan-Robinson (1994) found that the uncertainty in the distance modulus is 0.58 mag for the brightest red stars and 0.90 mag for the brightest blue stars. Karachentsev & Tikhonov (1994) , on the other hand, find uncertainties of 0.37 mag and 0.46 mag, respectively. Lyo & Lee (1997) found, from a comparison of distance determinations based on Cepheids and brightest stars, that the uncertainties in the distance moduli are 0.37 mag for the brightest red stars, and 0.55 for the brightest blue stars, and they conclude that the brightest red stars are therefore useful distance indicators.
Most of the distance determinations from brightest stars, listed in Table A .2, are based on brightest red stars. With an uncertainty in the distance modulus of 0.37 mag, the uncertainty in the distance is about 20%. If the uncertainty is as high as 0.58, as suggested by Rozanski & Rowan-Robinson (1994) , the distance uncertainty will be about 30%.
Group membership
Distances from group membership are mostly based on the groups identified in de Vaucouleurs (1975) and de Vaucouleurs et al (1983) . The published distance moduli for these groups were derived from several distance indicators: (a) from optical tertiary indicators (morphological type and luminosity class); (b) from the mean redshift of the group and a position-dependent Hubble constant (varying between 70 km s −1 Mpc −1 and 110 km s −1 Mpc −1 ), calibrated with spiral galaxies whose distances were determined from tertiary distance indicators; (c) from the Tully-Fisher relation. Unfortunately, de Vaucouleurs et al (1983) do not list which particular distance indicator or combination of distance indicators was used to obtain the distance modulus they list. For the details on these distance indicators, see de Vaucouleurs et al (1983) and references therein.
Given how the group membership distances have been determined, it is clear that these distance may suffer from substantial uncertainties. De Vaucouleurs (1979) claims that the uncertainty in the distance moduli obtained from tertiary distance indicators is less than 0.4 mag. The Hubble constant based on tertiary distance indicators has an average value of about 90 km s −1 Mpc −1 , higher than the currently favored value of the Hubble constant, which may indicate that the tertiary distance indicators tend to underestimate the distance.
Adding to this uncertainty is the fact that at small distances the depth of the group may be a significant fraction of the group distance.
Systemic velocity
For all the galaxies in our sample a distance was calculated from the HI systemic velocity following the prescription given in Kraan-Korteweg (1986) to correct for Virgocentric flow, with an adopted Hubble constant of 75 km s −1 Mpc −1 . Many of the dwarf galaxies have low systemic velocities, and these may well be dominated by peculiar motions. As a result, these distances derived from the systemic velocities may have large uncertainties, in particular for the closest galaxies.
Comparison of distances
In the top panels of Fig. 1 the comparison between the distances derived with the three different methods is shown. In Fig. 1a the distances derived from the HI systemic velocities and group memberships are compared. Two features stand out. Firstly, at small distances there are a number of points that are grouped along slanted lines. These arise because there are a number of large nearby groups to which a substantial number of dwarfs are assigned, such as the M81 group, the M101 group and the NGC 4736 group. Secondly, at larger distances there appears to be a systematic difference between the group distance and the distance derived from the systematic velocity, in the sense that the group distances are generally smaller. This may be the result of an underestimate of the distances determined from tertiary distance indicators, as mentioned above. On the other hand, almost all of these galaxies are in the same region of the sky as the Virgo cluster. In this direction, the relation between the systemic velocity and the distance is less certain. This may also contribute to the differences between the two distance estimates compared in Fig. 1a . Fig. 1b shows a comparison of the distance from the HI systemic velocity and the brightest star distance. There appears to be a weak correlation between these two distance estimates. Towards smaller HI distances, the ratio of HI distance over brightest star distance decreases. All of the galaxies for which brightest star distances are available are, because of the nature of the method, at small distances. At such small distances, the distances as derived from the HI systemic velocities are uncertain.
In Fig. 1c the group distances are compared with the brightest star distances. There is a slight indication that the average ratio plotted in Fig. 1c is below unity, indicating that distances based on group membership are smaller than those based on brightest stars, similar to what was concluded from Fig. 1a .
Another concern is that the distance estimates may depend on the surface brightness of the galaxies. Although this is unlikely for the distances derived from the HI systemic velocities, it may play a role for the group membership distances, which are partially based on tertiary distance indicators, and for the brightest star distances. In Fig. 1d -f the different distance estimates are plotted against central disk surface brightness µ R 0 . There does not appear to be a correlation between surface brightness and the HI distance (Fig. 1d) , nor is such a correlation evident in (Fig. 1e , in which the group distance is plotted versus surface brightness.
Finally, at best a weak trend is seen between the brightest star distance and the surface brightness. The variations from low to high surface brightness are about 25%, comparable to the random errors. For low surface brightness galaxies smaller distances are found. Because of the lack of a precise distance indicator, it is unclear what causes this trend. It may be a result of selection effects. On the other hand, it may also be that the magnitudes of the brightest stars depend on surface brightness. In summary, there are some indications that the group membership distances may underestimate the true distances. This systematic difference appears to be no larger than about 20%. In addition, the distance estimates based on brightest stars may depend on surface brightness, but these effects are probably smaller than 25%. This possible systematic error is likely to be dominated by the random errors in the distance estimates. Based on Figs. 1a-c, we estimate that the largest uncertainty in distance is about 60%, and that the typical distance uncertainty is about 30%.
Observations and data reduction
As mentioned in the introduction, one of the usages of the optical data is to provide the stellar distribution for mass modeling. For the light distribution to be close to the stellar mass distribution, observations at red wavelengths are necessary to minimize the effects of extinction and young populations. I-band observations were not suitable because of the brighter sky in I, making longer exposures necessary, and because of fringing making accurate flatfielding difficult. Even longer wavelengths, such as the K-band, were not practical because the available infrared arrays had too small a field of view for the galaxies in the sample. This would make mosaicking necessary and therefore require a lot of observing time. The R-band offered the best compromise. A possible problem in using R-band is that the Hα emission line is included in the 15, 1996 (m96) wavelength range covered by this filter. Jansen (2000) has found that the median contribution of Hα to the R-band flux is 2.0% for late-type dwarf galaxies, with a maximum of 8%. Gallagher & Hunter (1989) show that radial Hα profiles and the R-band radial surface brightness profiles have similar shapes. Hence, we expect that the Hα emission may introduce a systematic offset from the true radial surface brightness profile of 0.02 mag on average, but the shape of the profile will hardly be affected.
We used the f/3.29 prime focus camera at the 2.54m Isaac Newton Telescope at La Palma, during six observing runs between May 1994 and May 1996. A list of the observing dates is given in Table 1 . In all runs, we used Harris filters. In the May 1994 run, we used an EEV CCD, in all other runs we used a thinned Tektronix CCD (TEK3). Specific details on the CCDs used are given in Table 2 , which lists the readout noise, gain, pixel size, chip size and field of view for each chip. The EEV chip was always used in standard readout mode, the TEK CCD was mostly used in quick readout mode, saving time on readout of the chip. The increased readout noise was not important because the exposures are limited by photon noise. The emphasis was to reach faint surface brightness levels. For this reason, most galaxies were observed only in the Rband. However, for 46 galaxies we have obtained B-band data, which are presented here as well.
Most galaxies were observed only once. Galaxies for which the center was found to be saturated were observed a second time with a shorter exposure. A list of all observations is given in Tables A.3 and A.4. Some galaxies were observed in different observing runs, and these data were used for internal comparison of the photometric accuracy. Only the data with the best photometric conditions are listed. All of the data processing was done in iraf.
Bias subtraction
Both the EEV and the TEK3 had flat bias levels and low dark currents, but the bias level did tend to vary slightly during the night. Therefore, the bias level was determined from the overscan regions. The May 1995 and the December 1995 run showed random bands in the bias levels, which were visible throughout the image. The amplitude of these bands was about 1 to 2 counts. For these images, the bias level was removed by subtracting from each image row the average of the corresponding bias row.
Flat fields
The instrument was known to have light leaks at the filter wheel, causing some excess light at the edges of the images. By wrapping the prime focus cone unit in a dark cloth, this effect was almost entirely removed, allowing accurate flat fielding.
During all the runs, twilight flats were taken at the beginning and the end of the nights, typically with 10000 to 30000 counts. Additionally, for increased accuracy night sky flats of blank fields were taken, typically seven per filter (each exposure 180 seconds in R and 300 in B).
For each night and filter we constructed a set of flat fields, by combining in different ways the twilight flats or the night sky flats. When more than two flat fields were combined, a rejection algorithm was used to remove stellar images and cosmic-ray events. Otherwise, stars and cosmic-ray events events were edited out by hand and replaced by the local average. Night sky flats were offset from one exposure to the other, so that stars could be filtered out. This filtering proved to be satisfactory under good seeing conditions (< 1.5 ′′ ) with 6 or 7 exposures. When the seeing was worse, or when fewer exposures had been obtained, stellar residuals remained in the constructed flat field. In the latter case, flat fields were constructed by fitting a low order two-dimensional polynomial to the night sky flat and to the twilight flat; next, the twilight flat was divided by its fit, thus obtaining the high signal-to-noise small scale variations, and these were multiplied into the fit to the night sky flat.
After constructing these flat fields, a number of exposures of each night was flat fielded by each of the constructed flatfields in order to test which provided the most accurate results. This was done by checking the flatness of the empty regions. In more than half of the cases the night sky flat fields allowed more accurate flat fielding than the twilight flats.
Because of this careful construction and testing of the flatfields, high flatfield accuracy was obtained. For each exposure the sky values at four places around each galaxy were measured, carefully avoiding the outer parts of the galaxy and the halos of bright stars. The background flatness was taken to be half the difference between the minimum and maximum values. The flatness defined in this way has a median value of 0.22% for the sample in R, and 0.32% in B.
Calibration
At regular intervals during each night, standard star fields from Landolt (1992) were observed. The fields we used were RU 149, PG0231+051, PG0942-029, PG1323-086, PG1525-071, PG1528+062 and PG 2213-006. With these stars and the magnitudes given in Landolt (1992), the observations were calibrated to Johnson B and KronCousins R. The standard stars were observed over a range of airmasses for both bands, both on photometric and non-photometric nights. For all these stars we determined May 94 the instrumental aperture magnitudes and spurious values were deleted. These data were combined to fit zero-point magnitudes and color and extinction coefficients of the form:
where B and R are the standard star magnitudes, b and r are the instrumental magnitudes, X is the airmass, c 1 is the zero-point offset, c 2 is the airmass term, and c 3 is the color term. The color terms were found to be small, and can be neglected. For most galaxies only R-band data are available, but the missing color information does not significantly affect the accuracy of the calibration. The calibration was done for each night independently, except for a few nights with poor photometric conditions, for which a combined calibration was done. The derived calibration coefficients are listed in Table 3 . The 1σ residuals of the fit given by Eq. (1) give the uncertainty on the calibration, and are listed in Tables A.3 and A.4 for the R and B-band, respectively. This uncertainty also includes the uncertainty introduced by ignoring the color term. During nights with cirrus, standard stars were observed as well and obviously, the resulting photometric uncertainties are large. For those galaxies for which more than one observation was available, we used the one with the best photometry. If the seeing of the non-photometric observations was better, or if that image had a higher signal-to-noise ratio than the photometric one, we used the latter to calibrate the non-photometric observation.
The majority of the sample has good photometric accuracy. The zero point uncertainty is less than 0.1 mag for 77% of the sample, and below 0.2 mag for 89% of the sample.
Image combination
All exposures of the same galaxy observed in the same run were aligned using stars common in the frames. If more than two exposures were available, the images were combined using a rejection algorithm to remove cosmicray events. Otherwise, the cosmic-ray events were removed using the figaro bclean algorithm privately ported to iraf and replaced with the local average. If the central parts of a galaxy were saturated in a long exposure, the saturated pixels were rejected during the image combination and replaced with scaled values from the short exposure images.
A few galaxies were too large to fit in the 10 ′ × 10 ′ field of view. These galaxies were mosaicked. All galaxies to be mosaicked were observed in the December 1995 run, under poor photometric conditions. The sky for all the images was subtracted and the images were aligned using stars in overlapping regions. Next, the images were scaled to the same exposure time, and scaled photometrically to the frame with the lowest sky and the highest counts per second, and the images were combined.
Final steps
In each frame the mean value of the sky was determined in four areas near the galaxy that were free of objects, stellar halos and scattered light. The sky value for each frame was the average of these four mean values. For the estimate of the uncertainty in the sky determination we used half the difference between the minimum and the maximum of the four mean values. This estimate of the uncertainty in the sky includes large scale variations in the flat fielding and also the uncertainty in the sky determination itself.
For each exposure the seeing was estimated by fitting two-dimensional Gaussians to all objects in the field that had been masked by hand (see Sect. 5). Only objects with ellipticities smaller than 0.15 and central peaks more than five times the noise were used, to avoid contamination by background galaxies and inaccurate measurements. On average, about 40 objects were used to obtain the seeing estimate. The seeing estimates listed in Tables A.3 and A.4 are the median values of the individual fits. Given the pixel size of about 0.6 ′′ , the observations with the best seeing are undersampled. This affects approximately 15% of the data presented here.
The last step was to add the coordinate system to the frames. The coordinate system was transferred from the Digitized Sky Survey (DSS), by determining coordinates from the plate solution for stars visible in both the DSS and the CCD image. Using these coordinates, a coordinate system was fitted to the CCD frame, using about ten stars. We used a four term matrix to describe the coordinate system in a gnomonic projection. The 1σ errors on the coordinate system determined in this way are about 0.5
′′ . This is comparable to the typical error of 0.6 ′′ found by Veron-Cetty & Veron (1996) . The R-band images of all galaxies, including the coordinate system, are presented in Appendix B.
Isophotal fits
Fitting ellipses to late type dwarf galaxies is not straightforward. Often, the light distribution is irregular, and sometimes a well defined center is missing, or the centers for the inner and outer parts are different. Nonetheless, the radial surface brightness profile gives a useful representation of the light distribution.
Before fitting ellipses to the galaxy images, we masked out all the stars and the scattered light in the frames by hand. Special care was taken to mask out low intensity halos of stars as well. In some cases this proved impossible, due to the proximity of a bright star to the galaxy image. In these cases, the foreground light was masked out to where the galaxy light started to be dominant and the contribution of the stellar halo was incorporated in the uncertainty in the sky determination.
The ellipse fitting itself was done using the galphot package (Franx et al 1989; Jørgensen, Franx & Kjaegaard 1992) . The ellipse parameters were determined at logarithmic intervals, each next ellipse having a radius 1.2 times bigger than the previous ellipse, with the innermost radius at 1 ′′ . The radius r of each ellipse is defined as r = √ ab, where a is the major axis and b the minor axis. The ellipticity is defined as 1 − b/a. Determining the ellipse parameters was done in several steps. To make sure that the ellipse fits were not affected by substructure, HII regions, bars or other luminous components, all fits were individually inspected at each step in the process, and adjusted as described below when necessary.
First, we ran the fitting program leaving all the parameters (center, position angle and ellipticity) free. From these results we determined the center. If the galaxy had a well determined center, e.g. a nuclear peak or a clear central condensation, this was adopted to be its center.
In most other cases, we determined the center from the average of the outer ellipses where the solution was more stable. In those cases where the outer parts were highly irregular, the center was determined from the average of the inner parts. The adopted center for each galaxy is indicated in Appendix B with a cross.
In the second step, the center was fixed. From these results we determined the position angle. This was done by averaging over the outer ellipses, over the region where the results were converging. The outermost points were discarded if these gave erratic results. If the position angle varied systematically with radius, the average position angle was used. For galaxies with a pronounced bar, we tried to determine the position angle of the surrounding disk.
In the third iteration, the center and position angle were fixed, in order to determine the ellipticity. We determined the value for the ellipticity in the same way as we determined the position angle. The ellipticities were set to zero if equal to zero within the uncertainties of the measurements.
After fixing the orientation parameters, we extracted the calibrated radial surface brightness profiles from all the images. The orientation parameters as found for the R-band were also used to extract the B-band radial surface brightness profiles. In Appendix B we show the radial surface brightness profiles and the exponential fits (see Sect. 6) for all galaxies. Also, the run of orientation parameters (center, ellipticity and position angle) with radius are presented. Note that these have been derived from the free fits and may therefore, in some cases, deviate substantially from the values chosen from subsequent fits with more parameters fixed.
Structural parameters

Profile fitting
Most of the radial surface brightness profiles are smooth and regular, despite the often irregular optical appearance of the galaxies. Some show a central excess of light, while others have a central flattening. In this paper, we have not attempted to make decompositions into disk and central components. Instead, we focused on the disk component in these galaxies. An exponential intensity law was fitted to the outer parts of the profiles, which becomes a linear relation when expressed in magnitudes:
where µ 0 is the extrapolated central disk surface brightness, and h is the disk scale length. The photometric errors were used as weights. Combined with the logarithmic spacing of the points in the profile, this leads to higher weights to the central parts. Most of the profiles are well described by an exponential. The profiles and their fits are shown in Appendix B. In a later paper, we will study the properties of the galaxies with central light concentrations with the use of the Sersic profile (Sersic 1968). 
Observed central surface brightness
Beside the extrapolated central disk surface brightness µ 0 derived from the fit, we also determined the observed central surface brightness, µ c . This value differs from µ 0 if the profile shows a central peak or flattening. The observed central surface brightness µ c was determined from a linear extrapolation of the surface brightness profile in the inner few arcseconds to r = 0. This is justified given the exponential shape of the inner profile in most cases, also for profiles with a central concentration of light.
Diameters
For each galaxy two sets of diameters have been determined. Isophotal diameters in both the R and the B-band have been determined at µ R = 25 and 26.5 mag arcsec −2 . Additionally, effective radii within which 20%, 50% and 80% of the light is contained have been calculated.
Extinction and inclination corrections
The observed surface brightnesses and magnitudes suffer from extinction, both from dust in our Galaxy and from that internal to the observed galaxy. The data were corrected for Galactic extinction using the values for A B from Burstein & Heiles (1984) . The values for A R have been obtained assuming an A B /A R of 1.77 (Rieke & Lebofsky 1985) .
The correction for internal extinction is less certain. A relationship is expected between the axis ratio b/a and the observed surface brightness µ 0 of approximately:
where µ i 0 is the surface brightness corrected for inclination, and where C is a constant related to the extinction. For the transparent case, C is equal to unity, for the opaque case it is zero. The dependence of µ 0 on b/a is shown in Fig. 2 . Note the relative paucity of high inclination, low surface brightness galaxies. This might indicate that the galaxies in this sample are transparent, and it would imply a lower cutoff in the true surface brightness distribution of dwarf galaxies at µ 0,R = 23 mag arcsec −2 . However, the lack of such galaxies may well be the result of selection, e.g. as a result of the selection on flux density. In addition, given the selection on morphological type, some galaxies may drop out of our sample if they may have been misclassified as earlier morphological types when seen edge-on. The latter could contribute to the lack of high surface brightness edge-on galaxies that are expected in the optically thin case. In any case, any expected trend is weak because of the wide range in surface brightnesses at each b/a. Also, the correction is uncertain in the cases where the ellipticity varies with radius. In conclusion, Eq. (3) does not provide a useful way to determine the transparency for this sample of galaxies.
Because dwarf galaxies generally have low metalicities (e.g., Skillman et al 1989) , the dust content is likely to be low, and therefore these galaxies are expected to have small internal extinction. Therefore, C = 1 was adopted, and in the remainder of this paper the surface brightnesses were corrected accordingly. In the optically thin case, the integrated magnitudes do not need to be corrected. Note that the surface brightnesses and diameters listed in Tables A.5 and A.6 have only been corrected for Galactic extinction, not for inclination. Fig. 4 . Internal comparison for the R-band observations. The radial range for the comparison is set by the radius at which the profile with the largest uncertainty reaches 3σ above sky. At the bottom of each panel the observing runs that are compared are given, the number between brackets gives the photometric accuracy. The dotted lines in each panel give the combined 1σ errors. The shorthand used to refer to the observing runs is explained in Table 1 . 
Integrated magnitudes
Three magnitudes have been determined for each galaxy, two isophotal (m 25 and m lim ) and one total magnitude (m tot ). The isophotal magnitudes are calculated at two different levels. One at the 25 R mag arcsec −2 , and one at the limiting surface brightness level, which corresponds to the 3σ above sky level. The total magnitude has been calculated by extrapolating an exponential fitted to the outer parts of the surface brightness profile out to infinity. In particular for galaxies with low surfaces brightnesses, such as the dwarfs in this sample, this extrapolation can be significant. To first order, the extrapolation can be determined by assuming that the entire profile follows an exponential decay, as was done by Tully et al. (1996) . However, applying such a correction overestimates the total magnitude when a central condensation is present, and underestimates it when the light profile flattens towards the center, as Tully et al (1996) already noted. To avoid this problem, we used the more general method to determine the total magnitude (Han 1992). This method assumes that the light falls exponentially outside the last point in the profile, but it makes no assumptions on the shape of the inner profile:
where the function q(x) reflects the luminosity-radius relationship for such an exponential disk,
r lim is the radius where 3σ is reached, and
is the total magnitude of a pure exponential disk characterized by µ ′ 0 and h ′ , as determined from fitting to the outer parts of the profile.
The top panel of Fig. 3 shows the extrapolation from m 25 to m tot versus the total magnitude m tot . The corrections become larger for less luminous galaxies, and may reach up to one magnitude. The bottom panel of Fig. 3 shows the extrapolation versus µ 0 . The correction becomes larger for fainter surface brightnesses. The solid line shows the extrapolation for a purely exponential disk. The corrections generally follow this line closely. However, some points deviate up to about 0.5 mag from this line. This plot shows that just applying an extrapolation based on the assumption that the light profile is exponential may give total magnitudes that are significantly too bright, in particular for low surface brightness galaxies.
Comparison of radial surface brightness profiles
In order to assess the photometric quality of our data and to check the reliability of our estimate of the photometric uncertainty, radial surface brightness profiles of identical galaxies obtained during different runs have been compared. Our data have been compared to data available in the literature as well.
Internal comparison
Some galaxies were observed on more than one night. Although for each galaxy only one observation is given in this paper, these multiple observations have been used to assess the quality of our calibration. Figs. 4 and 5 show the internal comparison for the R and the B-band respectively. The dotted lines indicate the ±1σ range based on the uncertainties on the photometric solution. The majority of the profiles are equal within the uncertainties of the measurements. Five cases, UGC 2800, UGC 3475, UGC 7199, UGC 7853 and UGC 7861 deviate more than expected from our estimates of the uncertainty in the photometry. These galaxies were all observed on nights during which there was some cirrus present. The uncertainty caused by cirrus is in principle included in the photometric uncertainty. The deviant cases are probably the result of somewhat thicker cirrus clouds passing overhead occasionally. Because in 83% of the internal comparisons the photometric uncertainty is accurately known, including nights with some cirrus, we conclude that the photometric uncertainty we have derived is a reliable estimate of the real photometric uncertainty. The comparison for the B-band profiles, though available for only three galaxies, is consistent with this conclusion. Nights with cirrus have been Fig. 6 . External comparison for R-band observations. The radial range for the comparison is set by the radius at which the profile with the largest uncertainty reaches 3σ above sky. At the bottom of each panel the data that are compared are given, the number between brackets gives the photometric accuracy. The dotted lines in each panel give the combined 1σ errors. In this figure we have included non-dwarf galaxies that were observed as part of the WHISP program and that will be published in a later paper. over the entire radial range.
External comparison
Comparing surface brightness profiles with those obtained by other authors is not straightforward. For the comparison with published data, we restricted ourselves to CCD data. We have used data by McGaugh & Bothun (1994 ), de Jong & van de Kruit (1994 , Heraudeau & Simien (1996) , Patterson & Thuan (1996) and Jansen et al (2000) . Where the authors have derived surface brightness profiles with fixed position angle and ellipticity, our profiles were rederived with the same orientation parameters. McGaugh & Bothun (1994) and Patterson & Thuan (1996) used free fits, making comparison of the profiles difficult. To get a substantial sample for comparison with other data, not only the data for the dwarf galaxies were used, but also the data for other galaxies that were observed in this program. Fig. 6 shows the comparison for the R-band profiles. Most profiles are consistent within the 1σ errors, as indicated by the dotted lines. For three galaxies, our results deviate significantly from the profiles obtained by others: UGC 1551, UGC 6446 and UGC 12754. For UGC 1551 there are two independent measurements available in the literature, by Jansen et al (2000) and de Jong & van der Kruit (1994), which are in agreement with each other. The quality of those data for these galaxies is high, as judged by the authors. The three deviating galaxies were observed during nights that suffered from occasionally thicker cirrus. Based on the external comparison, we conclude that for 87% of our observations the quoted photometric uncertainty is an accurate estimate of the photometric quality, similar to the number found from the internal comparison.
The comparison with the published surface brightness profiles for the B-band is presented in Fig. 7 . The comparison with the data by Jansen et al (2000) shows that our data is consistent within the uncertainties with his. However, the comparison with the data by McGaugh & Bothun (1994) and Patterson & Thuan (1996) shows clear inconsistencies. Both groups of authors have used free fits rather than fixed fits as we did. This explains the large difference found for UGC 3384, because this galaxy is highly asymmetric. Neither of the authors give uncertainties for their data. Except for UGC 3860, the profiles are fairly consistent, in particular in the inner parts.
In conclusion, based on both the internal and external comparison, we find that our quoted photometric uncertainties are accurate estimates of the real photometric uncertainties. In about 13% of the cases the real photometric uncertainties are underestimated. However, these poor nights are overrepresented in this comparison because many of the galaxies observed in non-photometric nights were deliberately reobserved in order to obtain better photometry. It is therefore likely that for a larger fraction than the 87% quoted above the photometric is uncertainty is accurate.
Comparison to UGC
An additional source to check our data against is the UGC. Fig. 8 shows the differences between our position angle and those listed in the UGC. For highly inclined galaxies the agreement is excellent. Towards more face-on galaxies the scatter increases and some large differences occur. The outcome of this comparison in no doubt affected by the fact that we have determined the position angles at fainter surface brightness levels. Fig. 9 shows the comparison of our ellipticities with those from the UGC. The UGC ellipticities have been determined from the major and minor-axis diameters listed in the UGC. There is good general agreement, but with a large scatter, as was to be expected because our ellipticities have been determined at fainter surface brightness levels, and because the UGC ellipticities are based on eye estimates.
In Fig. 10 the m B 25 is compared with the B-band magnitude given in the UGC catalog. Generally, the agreement is good for m B 25 < ∼ 14.0. For fainter galaxies, the UGC magnitudes are systematically too faint. This effect was already noted by Thuan & Seitzer (1979) . The difference becomes even more pronounced if the UGC magnitudes are compared with the total magnitude m tot , where the difference may be as high as two magnitudes.
A comparison of the UGC R-band diameters with the D 25 diameters as determined from our R-band radial surface brightness profiles shows good agreement, as can be seen in Fig. 11 . This indicates that the limiting surface brightness at which the UGC diameter is measured is about 25 R-band mag arcsec −2 . A similar comparison of the B-band diameters shows that the limiting surface brightness there is about 26.5 B-band mag arcsec −2 , in close agreement with the value of 26.53 found by Fouqué & Paturel (1985) .
Discussion
As described in Sect. 2, this sample contains a range in galaxy types and properties. Here we briefly characterize the sample by showing the distribution of several parameters.
The distribution of ellipticities ǫ and position angles PA are given in Fig. 12 . The ellipticities have been derived as described in Sect. 5. The peak at ǫ = 0 is artificial and occurs because the ellipticities were set to zero for galaxies in which the ellipticities were equal to zero within the uncertainties. The true values of the ellipticities for these galaxies probably spread over a range in ellipticities, up to ǫ ∼ 0.3, filling in the depression near ǫ = 0.1. This makes the distribution of ellipticities more or less uniform for small ǫ. Ellipticities near ǫ = 1 are missing because of the finite thickness of the galaxies. The distribution of position angles is consistent with being flat, as is expected if the galaxy orientations are random. Fig. 13 shows the distribution over absolute R-band magnitude for the galaxies in our sample. The absolute magnitudes have been calculated from the total magnitude m tot and the distances listed in Table A .1, and range from M R = −22 to −12. Most of the galaxies in our sample have low luminosities, as expected for dwarf galaxies, but about 30% have M R < −18. These galaxies are not true dwarf galaxies, but form a mixed bag of large low surface brightness galaxies (similar to the galaxies studied by e.g., de Blok et al 1995 and Sprayberry et al 1995) and bright interacting galaxies. These galaxies were included in the sample because our selection is largely based on morphological type.
Fig. 14 shows this point more clearly. In this figure, for each galaxy the inclination corrected central disk surface brightness µ i 0 is plotted against the scale length. About 30% of the galaxies have scale lengths larger than 2 kpc. These are the galaxies that are more typical of the large low surface brightness galaxies. De Blok et al (1995) find that these galaxies typically have scale lengths between 2 and 6 kpc, and surface brightnesses fainter than µ R = 22 mag arcsec −2 . Note that the selection on late type has not included galaxies with both large scale length and high central surface brightness.
Finally, Fig. 15 shows the distribution of scale lengths and of inclination corrected central disk surface brightnesses. The galaxies in our sample generally have small scale lengths. The range in surface brightnesses is large, spanning from µ i 0,R = 19 to 25 mag arcsec −2 .
Summary
We provide R-band surface photometry for 171 late-type galaxies. We have obtained magnitudes, diameters, central surface brightnesses, extrapolated central surface brightnesses and scale lengths. For all galaxies we have presented elliptically-averaged surface brightness profiles, and profiles showing the run of ellipticity, position angle profiles and isophote center with radius. Flatfielding achieved a median accuracy of 0.22%, making the surface brightness and structural profiles reliable to about 26 R mag arcsec
in most cases. The zero point uncertainty is less than 0.1 mag for 77% of the sample, and less than 0.2 mag for 89% of the sample. The photometric accuracy is reliably quantified for each galaxy by the 1σ errors in the photometric calibration. Comparison of our surface brightness profiles and photometric zero points with data from other authors shows that, for at least 85% of the sample, we obtain agreement consistent with the quoted photometric uncertainties.
A.4. Table A.5 and A.6 -isophotal and photometric parameters
Column (1) lists the UGC number.
Column (2) and (3) give the ellipticity ǫ and the position angle P.A. Column (4) gives the apparent magnitude m25 within the 25 mag arcsec −2 isophote. Column (5) gives the apparent limiting magnitude m lim . This is the apparent magnitude within the limiting surface brightness µ lim given in column (7). Column (6) gives the extrapolated apparent magnitude mext. The extrapolation is described in Sect. 6. Column (7) gives the limiting surface brightness µ lim , which corresponds to 3σ above sky. σ is our estimate of the 1σ error in the sky, as described see Sect. 4. Column (8) gives the central surface brightness µc, as determined from the luminosity profile (see Sect. 5). µc has been corrected for Galactic foreground extinction, but not for inclination. Column (9) gives the extrapolated disk central surface brightness µ0 as obtained from an exponential fit to the surface brightness profile. µ0 has been corrected for Galactic foreground extinction, but not for inclination. Column (10) gives the absolute magnitude MR or MB. The absolute magnitude has been calculated from mext and the distance as listed in A.2. These values are corrected for Galactic foreground extinction. Column (11) gives the uncertainty in the photometry, σ phot , which is the residual obtained in the photometric solution, as described in Sect. 4. For galaxies with σ phot > 0.25 mag the photometric parameters are only given to the nearest tenth of a magnitude. Column (12) gives the scale length h in arcsec, measured along the major axis, as determined from an exponential fit to surface brightness profile. Column (13) and (14) give the isophotal diameters, d25 and d26.5 at the 25 and 26.5 mag arcsec −2 isophote. These diameters have been corrected for Galactic foreground extinction and are measured along the major axis. The diameters are given in units of arcsec. Column (15), (16) and (17) give the radii r20, r50 and r80 within which 20%, 50% and 80% of the light is contained. These radii have been measured along the major axis, and are given in units of arcsec.
-Notesa These galaxies are at very low Galactic latitude and therefore Burstein & Heiles (1984) do not give Galactic foreground extinctions. The galaxies concerned are: UGC 192, UGC 3272 and UGC 3390. For these galaxies the magnitudes and surface brightnesses are not corrected for Galactic extinction. b These galaxies have been observed during nights with occasional thin cirrus clouds. Therefore, in some cases the 1σ photometric error may be an underestimate of the true photometric error, as was found in Sect. 7. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
